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CONSTANT LOW-FLOWAIRSOURCE 
CONTROL SYSTEMAND METHOD 

BACKGROUND OF THE INVENTION 

0001. The present disclosure is related to person support 
apparatuses that include inflatable Support structures. More 
specifically, the present disclosure is related to person Support 
apparatuses including control structures for controlling the 
rate of inflation of an inflatable support structure. 
0002 Person support apparatuses such as beds, and more 
particularly hospital beds, are known to include one or more 
inflatable Support structure(s) for Supporting at least a portion 
of person on the inflatable structure. The pressure in the 
inflatable structure may be varied to change the interface 
pressure exerted on the skin of the person Supported on the 
inflatable structure. In some cases, the volume of an inflatable 
structure is Substantial, even while the operating pressures are 
relatively low. The source of pressurized air used to inflate the 
Support structure may have a sufficient rate of displacement to 
fill the volume of the structure in only a few minutes. Once 
filled, the volume of air required to maintain the inflatable 
structure at the appropriate pressure is significantly lower 
than that required to initially inflate the structure. 
0003. The competing requirements of low flow during 
normal operating conditions and high flow for the initial fill of 
the inflatable structure presents a trade-off. A high flow pres 
surized air source provides for a timely initial fill but has 
excess capacity during the low fill operation. A low flow 
pressurized air source on the other hand, may fail to provide 
sufficient flow to provide a timely initial fill. 

SUMMARY OF THE INVENTION 

0004. The present application discloses one or more of the 
features recited in the appended claims and/or the following 
features which, alone or in any combination, may comprise 
patentable Subject matter: 
0005 According to a first aspect of the present disclosure, 
a person-Support apparatus may include an inflatable Support 
structure, a variable output pump, and a controller. The vari 
able output pump may be in fluid communication with the 
inflatable support structure and provides a flow of fluid to the 
inflatable support structure. The controller may be coupled to 
the variable output pump and includes means for dynamically 
varying the output of the pump to maintain an output pressure 
of the pump to a value slightly higher than the pressure in the 
inflatable Support structure during the inflation process to 
maintain a constant flow from the pump. 
0006. The means for dynamically varying the output of the 
pump may include a circuit for controlling the speed of the 
pump. The means may also include a processor in electrical 
communication with the circuit. The processor may be oper 
able to vary the output of the circuit. The means may include 
a memory device including instructions that, when executed 
by the processor, cause the processor to control the circuit to 
vary the output of the pump. 
0007. The person support apparatus may further include a 

first sensor operable to sense a pressure in the inflatable 
Support structure and to communicate a signal indicative of 
the pressure in the inflatable support structure to the proces 
SO. 

0008. The processor may process the signal indicative of 
the pressure in the inflatable support structure. The processor 
may also vary the output of the circuit based on the current 
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output of the circuit and the signal indicative of the pressure 
in the inflatable support structure. 
0009. The circuit may provide a pulse-width modulated 
power signal to the variable output pump to vary the operation 
of the pump to control the pressure output by the variable 
output pump. 
0010. The flow from the pump may be maintained at a 
Substantially constant rate during operation of the pump. 
0011. The person Support apparatus may include a second 
sensor operable to sense a pressure at an outlet of the pump 
and to communicate a signal indicative of the pressure at an 
outlet of the pump to the processor. The controller may pro 
portionally increase the output of the pump based on the 
difference in the pressure measured by the first sensor and the 
second sensor. 
0012. According to another aspect of the present disclo 
Sure, person Support apparatus includes an inflatable Support 
structure, a variable output pump including a driver respon 
sive to a drive signal, and a control system. The variable 
output pump in fluid communication with the inflatable Sup 
port structure to transfer fluid to the inflatable support. The 
control system may include a processor, a sensor in commu 
nication with the processor, and a drive circuit. The sensor 
may be operable to detect the pressure in the inflatable Sup 
port structure and transmit a pressure signal to the processor 
indicative of the pressure in the inflatable structure. The drive 
circuit may be in electrical communication with the processor 
and the driver of the variable output pump. The drive circuit 
may be configured to form a drive signal for the driver. The 
processor may process the pressure signal to determine an 
optimum operating condition. The processor also may oper 
ate the drive circuit to vary the drive signal to cause the pump 
to transfer fluid to the inflatable support at a substantially 
constant flow irrespective of the current pressure in the inflat 
able Support structure. 
0013 The drive signal may change the rate of displace 
ment of the pump. The pump may be operated Such that a 
pressure gradient between the pump and the inflatable Sup 
port structure may be substantially constant during operation 
of the pump. 
0014. The drive signal may be a pulse-width modulated to 
control the rate of displacement of the pump to maintain the 
constant pressure gradient. 
0015 The pump may be operable in a first mode in which 
the rate of displacement of the pump may be maximized to 
maximize the flow from the pump and a second mode in 
which the rate of displacement of the pump may be varied to 
maintain the Substantially constant flow. 
0016. The processor may utilize a proportional-integral 
control routine to determine the drive signal. An integral term 
of the proportional integral controller may divided by an 
integral gain factor if the error in the system is within a 
predetermined tolerance range. 
0017. According to yet another aspect of the present dis 
closure, a method of controlling a variable output pump for 
inflating an inflatable Support structure for a person Support 
apparatus may include operating the pump at a maximum 
output for a period of time to inflate the inflatable support 
structure to a target pressure, measuring the pressure in the 
inflatable support structure, and varying the drive rate of the 
pump based on changes in the pressure in the inflatable Sup 
port structure over time to maintain the mass flow rate from 
the pump to the inflatable Support structure a generally con 
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stant level over time to maintain the pressure in the inflatable 
Support structure at a value that is substantially the same as 
the target pressure. 
0018. The method may also include determining a time 
rate of change of pressure in the inflatable Support structure, 
and varying the drive rate of the pump based on the time rate 
of change of pressure in the inflatable Support structure. 
0019. The method may still further include using the time 
rate of change of pressure in the inflatable Support structure to 
determine an error term, calculating an integral term of a 
proportion integral control based on the error term, calculat 
ing an proportional term of a proportional integral control 
based on the error term, adjusting the gain of the integral term 
if the error term has a magnitude less than a threshold, and 
varying the drive rate of the pump based on the proportional 
integral value. 
0020. The method may still further include comparing the 
pressure in the inflatable Support structure to a pressure mea 
Sured at the outlet of the pump, and proportionally varying the 
output of the pump based on the magnitude of the difference 
between the pressure in the inflatable support structure and 
the pressure measured at the output of the pump. 
0021 Additional features, which alone or in combination 
with any other feature(s), including those listed above and 
those listed in the claims, may comprise patentable subject 
matter and will become apparent to those skilled in the art 
upon consideration of the following detailed description of 
illustrative embodiments exemplifying the best mode of car 
rying out the invention as presently perceived. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022. The detailed description particularly refers to the 
accompanying figures in which: 
0023 FIG. 1 is a diagrammatic representation of a person 
Support apparatus including an inflatable Support structure for 
Supporting at least a portion of a person positioned on the 
person Support apparatus; 
0024 FIG. 2 is a diagrammatic representation of another 
embodiment of a person Support apparatus including an 
inflatable Support structure for Supporting at least a portion of 
a person positioned on the person Support apparatus; 
0025 FIG. 3 is a graph of the relationship of pressure and 
flow as a function of the rate of displacement of a pump; 
0026 FIG. 4 is a representation of a control method for 
controlling the drive rate of a pump based on a rate of change 
of pressure in a structure being inflated by the pump; 
0027 FIG. 5 is a flow chart of a control routine utilized to 
implement the method of FIG. 4; and 
0028 FIG. 6 is a flow chart of a subroutine called by the 
flow chart of FIG. 5. 

DETAILED DESCRIPTION OF THE DRAWINGS 

0029. A person support apparatus 10, such as a hospital 
bed, for example is shown in FIG. 1, includes a an inflatable 
Support structure 12, inflated by a variable output pump 14. 
and a controller 16 that controls operation of the pump 14 to 
inflate the structure 12. Illustratively, the inflatable support 
structure 12 may be embodied as an air bladder positioned in 
a mattress. While the illustrative embodiment shows a single 
structure 12, it should be understood that in some embodi 
ments multiple inflatable support structures 12 may be fed by 
a single pump 14. It should also be understood that a valve or 
manifold structure may be positioned between the pump 14 
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and structure 12 to open and close a flow path between the 
pump 14 and structure 12. For example, a valve may be used 
to prevent back flow from the structure 12 through the pump 
14 when the pump 14 is not operating. 
0030 The pump 14 communicates pressurized air to the 
structure 12 through a conduit 32 from an outlet 28 of the 
pump 14 to an inlet 30 of the structure 12. In the illustrative 
embodiment pump 14 is a variable displacement diaphragm 
pump with a direct current (DC) driver 26 which drives the 
diaphragm to compress air communicated through the con 
duit 32. In the illustrative embodiment, the driver 26 is a linear 
motor. The driver 26 is in communication with a drive circuit 
24 of the controller 16 with the drive circuit 24 providing 
power for the operation of the driver 26. Illustratively, the 
driver 26 can be operated at different drive rates to change the 
displacement of the diaphragm as the pump 14 oscillates. For 
example, the drive circuit 24 may provide a pulse-width 
modulated drive signal to the driver 26 to vary the drive rate of 
the pump 14. Each oscillation displaces a volume of air which 
is dependent on the distance of movement, also called dis 
placement, of the diaphragm. The motor controller 16 is 
operable to control the displacement of the diaphragm by 
controlling the range of movement of the driver 26. As will be 
discussed below, the mass flow from the pump 14 may be 
maintained at a constant level by varying the displacement of 
the diaphragm as the inflatable Support structure 12 is 
inflated. 
0031. It should be understood that various embodiments 
of variable output pumps may be utilized within the scope of 
this disclosure. Variable speed, variable displacement, vari 
able volume, variable flow are all terms that are just a few of 
the terms used to describe a variable output pump. Any pump 
that may be controlled to vary the pressure and or flow from 
the pump may be used within the scope of this disclosure. As 
used herein, the term drive rate designates a variable opera 
tional characteristic of a pump including a rate of speed, 
displacement, output, or flow. The term pump includes com 
pressors, blowers, or other apparatuses that are capable of 
moving a fluid. 
0032. The controller 16 includes a pressure sensor 22 
which provides an input to a processor 18. A memory device 
20 is included in the controller 16 to store information and 
instructions to be used by the processor 18. The controller 16 
further includes a drive circuit 24 which provides a drive 
signal to the driver 26 to cause the driver 26 to operate. 
0033 Referring to FIG. 3, a graph of the relationship of 
pressure and flow at the outlet of pump 14 is generalized. The 
line 50 represents a generalized response curve of the rate of 
flow from the pump 14 as a function of the pressure resisting 
the flow. The line 50 represents the operation of the pump 14 
when driver 26 is operated at a maximum drive rate, thereby 
producing the maximum displacement of the diaphragm. The 
region 54 is the typical operating region for pump that has a 
single output condition. Because there is need for significant 
flow to fill a bladder, the pump must be oversized to provide 
sufficient flow. However, the capacity of the pump is exces 
sive as the bladder is only required to operate in the pressures 
shown in the region 54. 
0034. As shown in FIG. 3, the flow from pump 14 
decreases as the pressure increases. The flow is dependent, at 
least in part, on the magnitude of the pressure gradient 
between the outlet 28 of the pump 14 and the structure 12. 
Once the pressure gradient reaches approximately Zero. Such 
as when the pressure in the structure 12 reaches the maximum 
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operating pressure of the pump 14, there will be no flow 
between the pump 14 and structure 12. This condition, 
referred to as "dead head’ results in excessive noise from the 
pump 14. Additionally, maximum displacement of the dia 
phragm causes the diaphragm to reach mechanical limits, 
increasing the noise that emanates from the pump 14. 
0035 Utilizing a low-flow algorithm, the illustrative vari 
able output pump 14 may be operated at various drive rates as 
represented by the lines 52. By varying the drive rate, the flow 
from the pump can be maintained at a substantially continu 
ous rate as represented by the line 56. Operating the pump 14 
to maintain continuous flow of line 56 reduces the energy 
required and heat generated by the pump 14 as well as reduc 
ing the noise emitted by the pump. 
0036 While the pressure/flow curve shown in FIG. 3 is 
generalized as a straight line, it should be understood that due 
to the compressibility of air the curve actually follows a linear 
differential equation with the flow as a dependent variable and 
pressure as an independent variable. Using techniques known 
to those of skill in the art, a particular system may be charac 
terized to establish the relationship between pressure and flow 
and define certain constants in the differential equation. Once 
characterized, the specific characteristics of the system may 
be substituted for the generalized case disclosed herein. 
0037. In the illustrative embodiment of FIG. 1, the flow 
rate through a conduit 32 between an outlet 28 of the pump 14 
and an inlet 30 of the inflatable support structure 12 is 
approximated by the pressure in the inflatable Support struc 
ture 12, Pstructure. The pressure in the inflatable support 
structure 12 is measured by a sensor 22 which is in fluid 
communication with the inflatable support structure 12 by a 
conduit 39 which is connected to the sensor 22 at an inlet 38 
and the inflatable support structure 12 at an outlet 36. At a 
particular drive rate of driver 26, the volume of air displaced 
by the pump 14 is known. A comparison of the drive rate of 
the driver 26 to the pressure in inflatable support structure 12 
provides sufficient independent variables to establish the flow 
rate through conduit 32. The generalized equation is: 

Pout-DriveratexKStructurepressure (1) 

0038 where Pout is the pressure at the outlet 28 of pump 
14, Driverate is the drive rate of the driver 26, and KStruc 
turepressure is a factor that is determined by characterizing 
the system to relate the Pout at a given Driverate. It should be 
understood that Kstructurepressure may be a constant value 
or may vary with drive rate depending on the particular imple 
mentation and characteristics of the pump 14. 
0039. The flow rate of air through the conduit 32 can be 
characterized by the following equation: 

FlowRate=(Pstructure-Pout)xKflow (2) 

0040 where FlowRate is the flow rate of air through the 
conduit 32 and Pstructure is the pressure in the inflatable 
support structure 12. Kflow is a value determined by charac 
terizing the system. Kflow may be a constant value or may 
vary with drive rate depending on the particular implementa 
tion and characteristics of the conduit 32 and inflatable Sup 
port structure 12. In the generalized case, Kflow may also 
vary depending on other factors such as Pstructure and the 
rate of expansion of the inflatable support structure 12. Solv 
ing equation 2 for Pout, equation 3 is derived: 
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F.''') (3) Potit= Pstructure - ( 
Kflow 

Substituting Pout in equation 1 for Pout in equation 3 and 
solving for Driverate, the drive rate for the driver 26 can be 
characterized as: 

Dri 1 P FlowRate (4) see ( KStructurepressure X ( Siitoitie- ( Kflow 

0041. In one illustrative embodiment, the FlowRate is to 
be maintained at a constant level. In a simplified system, the 
term 

("E") Kflow 

becomes a constant offset, Offset, based on the target flow 
rate for the system. Equation (4) can than be generalized as: 

1 
KStructurepressure 

(5) Driverate = ( }x (Pstructure - Offset) 

0042. The generalized Equation (5) includes a single 
dependent variable, Pstructure. In some cases, KStructure 
pressure is a constant value. In other cases, KStructurepres 
sure may be dependent on Pstructure to account for differen 
tial effects in the system. Thus, as Pstructure increases, the 
drive rate of the driver 26 must be increased to maintain the 
flow through conduit 32 at a constant rate as represented by 
line 56 in FIG.3. The drive rate of the driver 26 is represented 
by the lines 52 on FIG. 3. 
0043. After characterization of a system, the Driverate 
may be controlled so that the minimal flow required may be 
met while operating the pump 14 at rate less than the maxi 
mum drive rate. In the generalized embodiment discussed 
above, this can be accomplished by measuring a single inde 
pendent variable, Pstructure, and adjusting the drive rate 
based on the value of Pstructure. 
0044. In another embodiment of a person Support appara 
tus 210 shown in FIG. 2, the person support apparatus 210 
includes a second sensor 212. The sensor 212 communicates 
via a conduit 216 with the conduit 32 just down the flow 
stream from the outlet 28 of the pump 14. The conduit 216 is 
connected to the conduit 32 by a connector 218. The pressure 
in conduit 32 at the connector 218 is communicated to the 
sensor 212 which is connected to the conduit 216 by an inlet 
214. 

0045. In the illustrative embodiment of FIG. 2, the con 
troller 16 is controls the operation of the driver 26 based on 
the difference in the pressures measured by sensors 22 and 
212. The difference in the pressures is indicative of the pres 
sure drop from the pump 14 to the inflatable support structure 
12. The flow at any given time is directly related to the 
pressure drop. By measuring the pressure drop, the controller 
16 modifies the operation of the drive circuit 24 to change the 
drive signal communicated to the driver 26, to vary the Driv 
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erate so that the flow is maintained at a Substantially constant 
level. This approach obviates the need to characterize the 
pump 14 as required with regard to the discussion of the 
embodiment of FIG.1. Any real variations in the output of the 
pump 14 will be measured by the sensor 212 and considered 
in the calculation of the pressure drop. Thus, the controller 16 
can control the Driverate based on a real measurement of the 
flow from the pump 14 to the inflatable support structure 12 
by comparing the two pressures. 
0046. In some embodiments, the difference in the pressure 
measured by sensor 22 is compared to the pressure measured 
by the sensor 212. In these embodiments, the driver 26 is 
driven at a proportionally higher drive rate to keep the pres 
Sure measured by sensor 212 slightly higher than the pressure 
measured by sensor 22. By doing so, a minimal pressure 
gradient between the two is maintained so that there is con 
stantly a minimal flow from the pump 14 to the inflatable 
Support structure 12. 
0047. In other embodiments, a change in pressure over 
time may be used to determine the rate of flow of fluid in the 
system. By utilizing a change in pressure over time, the Driv 
erate can be modulated to operate at a near constant flow. By 
considering changes in pressure over time, the system 
response can be considered in the calculation of the Driverate. 
0048. In a system in which the inflatable support structure 
12 is a fixed volume and air is used to inflate the structure, the 
well-known ideal gas equation PxV-nxRxT applies. When 
assuming constant temperature T a change in P is directly 
related to the n number of moles present, or, the change in 
mass. R is a proportionality constant for the specific gas. A 
change in Pover time from P to P, is directly proportional to 
the change in mass in the Volume. In the illustrative case, the 
volume includes the volume of the inflatable support structure 
12 and the conduit 32. It follows that if dP/dt is maintained at 
a constant level, the dn/dt or the rate of mass change in the 
system is maintained at a constant level. 
0049. In one illustrative embodiment, the rate of flow 
through conduit 32 is controlled by a proportional-integral 
derivative (PID) controller which compares a first pressure 
value, P, detected by sensor 22 at a first time, t to a second 
pressure value, P., detected at a second time, t, to determine 
the dP/dt. At a given drive rate of driver 26, dP/dt will 
decrease over time due to the compression of the air in the 
system. The increased pressure in the system resists the addi 
tion of additional mass into the system by the pump 14. To 
compensate for this resistance, the drive rate of the driver 26 
is increased to increase the rate at which mass is introduced 
into the system because the pump 14 is pulling ambient air 
into the system. 
0050. A generalized diagram of the PID control is shown 
in FIG. 4. The dP/dt for a nominal flow 100 (Flow Nominal), 
which may be determined by characterizing the system, is 
compared to the actual dP/dt calculated from the pressure 
signal 102 measured by the sensor 22 to determine the error 
term 104. The difference between the actual dP/dt and the 
nominal dP/dt for nominal flow 100 is the error term 104. As 
described below, the error term 104 is used to calculate a 
proportional term (Pterm) 106, an intergral term (Iterm) 108 
and a derivative term (Dterm) 109. The Pterm 106, Iterm 108, 
and Dterm 109 are then summed at 110 to provide a drive 
signal 112 to the driver 26 of the pump 14. When the PID 
controller is invoked, the algorithm processes the pressure 
signal 102 from the sensor 38 to control the drive signal 112. 
The drive signal 112 may then be used in any of a number of 
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ways to control the output of the pump 14. In another embodi 
ment, a control system may monitor the difference in pressure 
from sensor 212 to sensor 22 and compare the actual pressure 
drop to a nominal pressure drop to determine the error used in 
the PID control. In such an embodiment, the actual pressure 
drop is the difference in the pressures measured by sensors 
212 and 22 and the nominal pressure drop for a targeted flow 
rate is determined by characterizing the system. 
0051. An example of an embodiment of a control algo 
rithm 120 employing the PID control of FIG. 4 is shown in 
FIGS. 5 and 6. It is contemplated that the illustrative control 
algorithm 120 will only be invoked when the inflatable Sup 
port structure 12 is substantially inflated. In the case of inflat 
able bladders or other flexible walled structures, the applica 
bility of the ideal gas equation is limited to conditions where 
the structure has an approximately constant Volume. For 
example, during an initialization stage, the illustrative control 
algorithm is not used and the inflatable Support structure 12 is 
inflated by operating the pump 14 at maximum output. Once 
the pressure in the inflatable support structure 12 reaches an 
acceptable level, the illustrative control algorithm 120 is 
invoked to limit the operation of the pump 14 to reduce noise 
and maintain the pressure in the inflatable Support structure 
12 under normal operating conditions. 
0.052 Illustratively, the control algorithm 120 may be 
started every 50 milliseconds at begin step 122. The control 
algorithm 120 proceeds to decision step 124 where it is deter 
mined if a particular Zone requires inflation. This decision is 
made by determining if the pressure in the inflatable support 
structure 12 is below threshold pressure. It is known to define 
a target pressure in the inflatable Support structure 12 and to 
inflate the inflatable support structure 12 if the pressure in the 
inflatable support structure falls below threshold pressure 
which is a based on a tolerance from the target. Thus, the 
pressure is maintained between upper and lower threshold 
values that are defined based upon the target pressure. If it is 
determined that the particular Zone does not require inflation, 
the control algorithm 120 proceeds to step 126 where the 
drive output is set to Zero and the control algorithm proceeds 
to the exit step 128. 
0053. If the control algorithm 120 determines that the Zone 
requires inflation at step 124, then the control algorithm 120 
proceeds to step 130 to determine if the particular Zone is a 
new Zone requiring inflation. If it is not, meaning that the Zone 
is currently being inflated, then the control algorithm 120 
proceeds to subroutine 132 where the PID is updated. Refer 
ring now to FIG. 6, the PID update subroutine 132 begins at 
step 134 and proceeds to step 135 where the flow error 104 
designated as Flow Error is determined according to equa 
tion 6 below. In the illustrative embodiment, the flow error 
term 104 is equal to the nominal flow minus the current dP/dt 
as shown in equation 6. 

Flow Error-Flow Flow Nom-dPdt (6) 

0054 The control algorithm then proceeds to step 136 
where the Iterm is set. The current Iterm is equal to the 
previous Iterm plus the flow error term 104 as shown in 
equation 7. 

Iterm current=Iterm prey+Flow Error (7) 

0055. The subroutine 132 then progresses to step 138 
where the Pterm is set to the value of the flow error term 104 
times a proportional gain, Pgain as shown in equation 8. 

Pterm=Flow ErrorxPgain (8) 
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0056. The subroutine 132 then proceeds to step 139 where 
the value of Dterm is determined according to equation 9 
below. The flow error 104 is compared to the previous flow 
error (Flow Error prev) to determine a rate of change of the 
flow error 104. A derivative gain, Dgain is multiplied by the 
difference in the flow error 104 and the previous flow error to 
determine the derivative term, Dterm 109. 

Dterm=(Flow Error-Flow Error prev)xDgain (9) 

0057 The subroutine 132 then progresses to step 140 
where the value of Pterm and Iterm are summed. If the value 
of the sum of the terms is withina certain band, the subroutine 
132 advances to step 142 and the Iterm is re-set as shown in 
equation 10 Igain to dampen the effect of the Iterm when the 
error approaches Zero, thereby reducing instability in the 
algorithm. 

Iterm current (10) 
term = - - - gain 

0.058 If the error is outside of the band, then Iterm is set to 
Iterm current and the subroutine 132 advances to step 144 
where the PID value is set to the sum of the Pterm, Iterm and 
Dterm as shown in equation 11. 

PI=Pterm--Iterm--Dterm (11) 

0059. The subroutine 132 then advances to step 146 where 
the subroutine 132 returns to the control algorithm 120. The 
control algorithm 120 then advances to step 148 where the 
PID is bounded to prevent unstable operation of the driver 26. 
The PID value is then written to the drive circuit 24 at step 150 
so that the driver 26 receives the new drive signal 112. 
0060. If the determination is made at step 130 that the 
inflatable support structure 12 is not being inflated, the con 
trol algorithm 120 advances to step 152 where the driver 26 is 
given an initial drive signal 112 that is less than the maximum 
output of the drive. The control algorithm 120 then advances 
to step 154 where a time delay is invoked. The time delay 
gives the driver 26 sufficient time to reach a steady state 
operation under the initial conditions. For example, a delay of 
500 milliseconds may be invoked. At the end of the delay 
period, the control algorithm 120 advances to step 128 and 
exits until called again. 
0061 Although certain illustrative embodiments have 
been described in detail above, variations and modifications 
exist within the scope and spirit of this disclosure as described 
and as defined in the following claims. 

1. A person-Support apparatus comprising 
an inflatable Support structure, 
a variable output pump in fluid communication with the 

inflatable support structure, wherein the variable output 
pump provides a flow of fluid to the inflatable support 
Structure, 

a controller coupled to the variable output pump, the con 
troller including means for dynamically varying the out 
put of the pump to maintain an output pressure of the 
pump to a value slightly higher than the pressure in the 
inflatable Support structure during the inflation process 
to maintain a constant flow from the pump. 

2. The person Support apparatus of claim 1, wherein the 
means for dynamically varying the output of the pump 
includes a circuit for controlling the speed of the pump, a 
processor in electrical communication with the circuit and 
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operable to vary the output of the circuit, a memory device 
including instructions, that when executed by the processor, 
cause the processor to control the circuit to vary the output of 
the pump. 

3. The person Support apparatus of claim 2, wherein the 
person-Support apparatus further comprises a first sensor 
operable to sense a pressure in the inflatable Support structure 
and to communicate a signal indicative of the pressure in the 
inflatable Support structure to the processor. 

4. The person Support apparatus of claim 3, wherein the 
processor processes the signal indicative of the pressure in the 
inflatable support structure and varies the output of the circuit 
based on the current output of the circuit and the signal 
indicative of the pressure in the inflatable support structure. 

5. The person Support apparatus of claim 4, wherein the 
circuit provides a pulse-width modulated power signal to the 
variable output pump to vary the operation of the pump to 
control the pressure output by the variable output pump. 

6. The person support apparatus of claim 5, wherein the 
flow from the pump is maintained at a substantially constant 
rate during operation of the pump. 

7. The person Support apparatus of claim 4, wherein the 
flow from the pump is maintained at a substantially constant 
rate during operation of the pump. 

8. The person support apparatus of claim 7, wherein the 
person Support apparatus includes a second sensor operable 
to sense a pressure at an outlet of the pump and to communi 
cate a signal indicative of the pressure at an outlet of the pump 
to the processor, wherein the controller proportionally 
increases the output of the pump based on the difference in the 
pressure measured by the first sensor and the second sensor. 

9. A person Support apparatus comprising 
an inflatable Support structure, 
a variable output pump including a driver responsive to a 

drive signal, the variable output pump in fluid commu 
nication with the inflatable support structure to transfer 
fluid to the inflatable support, 

a control system including a processor, a sensor in com 
munication with the processor, the sensor operable to 
detect the pressure in the inflatable support structure and 
transmit a pressure signal to the processor indicative of 
the pressure in the inflatable structure, a drive circuit in 
electrical communication with the processor and the 
driver of the variable output pump, the drive circuit 
configured to form a drive signal for the driver, 

wherein the processor processes the pressure signal to 
determine an optimum operating condition and operates 
the drive circuit to vary the drive signal to cause the 
pump to transfer fluid to the inflatable support at a sub 
stantially constant flow irrespective of the current pres 
sure in the inflatable support structure. 

10. The person support apparatus of claim 9, wherein the 
drive signal changes the rate of displacement of the pump. 

11. The person support apparatus of claim 9, wherein the 
pump is operated Such that a pressure gradient between the 
pump and the inflatable Support structure is substantially 
constant during operation of the pump. 

12. The person Support apparatus of claim 11, wherein the 
drive signal is pulse-width modulated to control the rate of 
displacement of the pump to maintain the constant pressure 
gradient. 

13. The person support apparatus of claim 11, wherein the 
pump is operable in a first mode in which the rate of displace 
ment of the pump is maximized to maximize the flow from the 
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pump and a second mode in which the rate of displacement of 
the pump is varied to maintain the Substantially constant flow. 

14. The person support apparatus of claim 9, wherein the 
pump is operable in a first mode in which the rate of displace 
ment of the pump is maximized to maximize the flow from the 
pump and a second mode in which the rate of displacement of 
the pump is varied to maintain the Substantially constant flow. 

15. The person support apparatus of claim 9, wherein the 
processor utilizes a proportional-integral-derivative control 
routine to determine the drive signal. 

16. The person support apparatus of claim 15, wherein an 
integral term of the proportional integral controller is divided 
by an integral gain factor if the error in the system is within a 
predetermined tolerance range. 

17. A method of controlling a variable output pump for 
inflating an inflatable Support structure for a person Support 
apparatus comprising the steps of: 

operating the pump at a maximum output for a period of 
time to inflate the inflatable support structure to a target 
pressure; 

measuring the pressure in the inflatable Support structure; 
and 

varying the drive rate of the pump based on changes in the 
pressure in the inflatable support structure over time to 
maintain the mass flow rate from the pump to the inflat 
able Support structure a generally constant level over 
time to maintain the pressure in the inflatable Support 
structure at a value that is Substantially the same as the 
target pressure. 

May 19, 2011 

18. The method of claim 17, further comprising the steps 
of: 

determining a time rate of change of pressure in the inflat 
able Support structure; and 

varying the drive rate of the pump based on the time rate of 
change of pressure in the inflatable Support structure. 

19. The method of claim 18, further comprising the steps 
of: 

using the time rate of change of pressure in the inflatable 
Support structure to determine an error term; 

calculating an integral term of a proportion integral control 
based on the error term; 

calculating an proportional term of a proportional integral 
control based on the error term; 

adjusting the gain of the integral term if the error term has 
a magnitude less than a threshold; and 

varying the drive rate of the pump based on the propor 
tional integral value. 

20. The method of claim 17, further comprising the steps 
of: 

comparing the pressure in the inflatable Support structure 
to a pressure measured at the outlet of the pump; and 

proportionally varying the output of the pump based on the 
magnitude of the difference between the pressure in the 
inflatable Support structure and the pressure measured at 
the output of the pump. 
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